Objectives: To assess and compare the 5-year success rate of resin-bonded fixed partial dentures (RBFPDs) fabricated from different materials.
inciso-gingival path of insertion by incorporating grooves with pin holes in the abutments to enhance retention of the FPDs. 7, 8 The design of the preparation thereby protected the bond. Use of these strict preparation designs yielded a survival rate of 95% at 10 years Kaplan-Meier estimation. 8 The failures of RBFPDs are usually less catastrophic than failures with conventional FPDs. 9 The main advantages of RBFPDs are conservation of tooth structure, reduction of pulpal morbidity, and use of supragingival margins. Compared to implant placement, RBFPDs are less expensive and associated with less postoperative morbidity and better aesthetics. This is especially true in growing patients with a missing anterior tooth in the long-term or patients who are not good candidates for other more aggressive treatment modalities, because of their age, medical condition, or finances. 10 Limitations of RBFPDs include compromised aesthetic outcomes when abutment teeth are highly translucent or when interdental spaces are present, because the metal color can show through the tooth when a metal framework is used. RBFPDs are contraindicated in patients with limited interocclusal space, parafunctional habits, and abutment teeth with short clinical crowns.
With the introduction of newer and stronger ceramic and nonceramic materials, the use of RBFPDs with nonmetallic frameworks has increased significantly. Glass ceramic, zirconia, lithium disilicate, and fiber-reinforced composite (FRC) have been used by clinicians to replace metal frameworks RBFPDs, classically known as Maryland bridges. [11] [12] [13] [14] [15] However, very little long-term data exist for nonmetal RBFPDs compared to metal RBFPDs.
It has been reported that RBFPDs with a single retainer, also known as cantilevered pontics, had better survival rates than RBFPDs with double-sided retainers. 12 Similar results were found in a meta- were included in the analysis. 16 The clinical outcomes and survival rate of single-retainer anterior RBFPDs were evaluated by a review of the literature done by Mourshed et al. in 2016 . This study found that cantilevered RBFPDs showed promising results with high survival rates. No analysis was done in this review. 17 An estimated survival rate of 87.7% for RBFPDs after 5 years was reported in a meta-analysis by Pjetursson et al. in 2008 , in which all of the included studies investigated RBFPDs with metal frameworks. 1 A recent update by the same group published in 2017 estimated a 91.4% survival of RBFPDs after 5 years and 82.9% after 10 years. 18 Miettinen et al. reported an estimated annual failure rate of 4.6% for metal frameworks, 4.1% for FRC frameworks, and 11.7% for all ceramic RBFPDs. 9 Chen et al. in his review found that all-ceramic RBFPDs had an estimated 5 year survival rate of 91.2%.
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This systematic review was conducted to estimate the 5-year success rate of RBFPDs and to assess if there are any significant differences in the success rates between metal and nonmetal zirconia, ceramics and FRC framework materials. Prosthesis position, number of pontics and retainers, cement type, preparation design, and substructure treatment were all investigated in this systematic review.
| MATERIAL AND METHODS

| Search strategy
An electronic search on PubMed, Embase, and Scopus from January Table 1 . PRISMA guidelines were applied whenever possible.
| Inclusion criteria
• A human RCT and prospective and retrospective cohort studies.
• Mean follow-up time of at least 5 years.
• English dental literature.
• Patients included in the studies have to be examined clinically.
Any publications based on phone surveys or patient's feedback will not be included.
• Studies have to report details on the characteristics of the infrastructures.
| Exclusion criteria
• In vitro and animal studies, reviews or case reports.
• Publications based on patient's questionnaires or interviews.
| Studies selection and exclusion
Two independent reviewers (I.A. and C.N.) used a web-based tool, Covidence, to screen titles, and abstracts of the studies found after removal of duplicates. Eighty-two articles were included following title screening. However, 40 articles were excluded after review of the abstracts. Forty-two full-text articles were retrieved and uploaded Figure 1 . Any disagreement between reviewers were resolved by discussion.
| Quality assessment
Newcastle-Ottawa scale (NOS) was used to check the quality of the studies included in the systematic review. This scale was developed by Wells et al. to assess the quality of published non-randomized studies in meta-analyses. 20 It includes 8 items categorized into 3 dimensions: selection, comparability, and outcome. Multiple response options are available for each item. A star is given if the quality of the study in that item is acceptable. Two stars can be given in items related to comparability. The NOS range is between 0 and 9 stars. The quality assessment of all the included studies is shown in Table 2 .
| Data extraction
Information on the study design, setting, total number of RBFPDs, 
| STATISTICAL ANALYSIS
To obtain a standardized success rate at 5 years, the total RBFPD exposure time was calculated for each study by multiplying the total number of the RBFPDs by the mean follow-up time. Then, the estimated failure rate per year was calculated by dividing the number of failures over the total exposure time. Finally, the 5-year estimated success rate was obtained for each study. The statistical method described above is summarized in Table 3 .
Meta-analysis was performed to estimate the 5-year success rate and the annual failure rate of RBFPDs. Robust standard errors were calculated to obtain 95% confidence intervals (CIs) of the summary estimates of the event rates. Wald's Chi-square was used to assess the heterogeneity of the study and specific event rates. It was also used to check if there is any statistically significant difference in the average success rate at 5 years between studies done at universities and private practice and between different framework materials and to detect any significant difference in the 5-year failure rates among single, double, and multiple retainer RBFPDs. All analyses were performed using SAS software.
4 | RESULTS
| Quality assessment
All studies attained a score of ≥5 stars and were classified as acceptable to good quality. The scores of each study are summarized in Table 2 . 
| Included studies
Only 2 RCTs met the inclusion criteria. The first one was conducted to compare the success rate of zirconia unilateral cantilever bridges with 2 different cementation protocols: phosphate monomer containing resin cement versus an adhesive bonding system with a phosphoric acid acrylate primer. 15 The other study was undertaken to compare the success rate of fixed-fixed conventional bridges with cantilevered RBFPDs. 21 Fifteen studies were retrospective and the rest of the studies were prospective. The oldest study was published in 1992 and the most recent one was published in 2017. A total of 4218 RBFPDs were evaluated. The majority of the studies adopted different preparation techniques using grooves, pin holes, and guiding planes to improve seating and retention of RBFPDs. Some studies utilized retention through box preparation inlays in the abutment teeth. 13, 22, 23 Occlusal reduction was performed to create enough space for the retainers in all the studies whenever it was indicated. Multiple differing protocols were used to treat the substructure of RBFPDs, for example, sandblasting with aluminum oxide powder 50 microns, etching with hydrofluoric acid, silica coating and silanization, tribochemical silicoating, use of resin monomers and metals primers, thione primers for noble metal alloys, and electroetching.
Multiple types of cements were utilized in the studies. Chemicalcured resin cements were the main type of cements used. The most common cements used were PANAVIA EX and PANAVIA 21 from
Kuraray.
The majority of the studies were conducted in universities and teaching hospitals n = 31, 81.5%, whereas the rest were accomplished in private practice. Metal frameworks were utilized in 68.4% of the studies, whereas 31.5% of the studies utilized nonmetal frameworks. The majority of the studies included used RBFPDs to replace 1 or 2 missing teeth in the maxillary or mandibular arch. Few studies used metal framework RBFPDs to replace multiple missing teeth more than 2 pontics or for splinting periodontally compromised teeth. [24] [25] [26] [27] Some of the studies only used RBFPDs to replace anterior teeth, whereas the other studies replaced both anterior and posterior teeth.
The age range of the patients included in the studies was 13-83 years old. In many studies, more females were included in their sample. 23, 27, 28 The 5-year success rate, setting, location of RBFPDs, number of pontics and retainers, and their locations are summarized in Table 4 for all the included studies.
| Technical and biological complications
In this systematic review, success was defined as the RBFPDs remaining in situ and not experiencing any debonding, biological failures, such as caries and periodontal problems, or mechanical failure, such as connector fracture at the examination visit. Small porcelain chipping not affecting function, and aesthetics of the prosthesis was not considered a failure.
Technical complications were the main reason of failures of
RBFPDs. Debonding of the framework loss of retention and fracture of the retainer of the adhesive frameworks were the main technical complications reported in the studies, 82% and 15%, respectively. However, dental caries and periodontal disease were the main biological complications, 1.7% and 0.6%, respectively.
Other failures were reported because of poor aesthetics, improper cementation procedure, or pulpal pathology. However, the incidence of these complications was minimal. The percentages of failures because of the multiple biological and technical complications are illustrated in Figure 2 .
It was reported in 2 studies that multiple-retainer RBFPDs debonded more frequently than single-retainer RBFPDs. 21, 29 Meta-analyses of all the included studies in this systematic review showed an estimated 5-year success rate of 88.18% (95% CI: were reported in this study over the 6 year follow-up time. Neither the framework material used nor the setting of the studies at universities versus private practice had a statistically significant effect on the success of RBFPDs (P > .05). The failure rate was not statistically significant among the single, double, and multiple-retainers RBFPDs (P > .05).
The 5-year success rate categorized by the material type, number of retainers, and setting of the study is summarized in Table 5 . visits must be taken into consideration, which can be frustrating for both the dentist and the patient. Patient compliance is a problem in dentistry and providing treatments with low complication rates, and low maintenance is optimal. 30 Minimal porcelain chipping not affecting function, and aesthetics of the RBFPDs was not considered a failure.
The minimum follow-up time was chosen to be 5 years. Because of this follow-up time, many longitudinal studies were excluded.
Although these studies had a title indicating a follow-up time of more than 5 years, when reviewed closely, these studies actually exhibited shorter mean follow-up times. 31 In many of the excluded studies, some prostheses involved a follow-up time of >5 years, but the others were only followed-up for a few months. The reasons for failure of resin-bonded fixed partial dentures because of biological and technical complications Quality assessment was done for all the included studies using the NOS. All of the included studies had at least 5 stars. Some studies lost a star because of low sample size less than 20 subjects, high dropout rate, or they had more female subjects than male subjects. All the included studies used proper statistical tests, did clinical evaluations of the RBFPDs, and had a minimum of 5-years mean follow-up time.
According to the AMSTAR checklist, which is a questionnaire named the assessment of multiple systematic reviews for checking the quality of a systematic review, the scientific quality of the included studies should be assessed and documented, and at least 2 electronic sources should be searched. 32, 33 A recent systematic review on the survival of RBFPDs included studies published until 2015, with a minimum of 5-years follow-up time. This study did not document a quality assessment of the included study and used only PubMed search in their search strategy. 18 Although assuming a fixed annual failure rate is one of the weaknesses of this review, this methodology is well adopted in the dental literature to estimate the success/failure rates of specific treatment approaches. 19 This review showed that there is a lack of longitudinal studies with more than 5-year observation period for nonmetal framework Ozcan). 36 In both of those studies, the RBFPDs were replacing 1 anterior missing tooth utilizing 2 retainers. The significant differences in the success rate can be attributed to the technique sensitivity of the bonding procedure and the utilization of retentive features in the design of the prostheses. Forty-three percentage of the RBFPDs in the Van Heumen study were purely adhesively retained. In another study done by the Van Heumen group, FRC RBFPDs were used to replace molars. The 5-year estimated success rate was 72.5%. The higher success was reported when inlay retainers were used compared to winged retainers. 13, 19, 23 Although including inlay preparation in the abutment teeth in the posterior region might improve the success rate, it contradicts the goal of using RBFPDs as a conservative treatment modality. However, RBFPDs still remain more conservative than conventional bridges preparation where around 70% of the retainer tooth structure is estimated to be removed in the preparation stage to receive full coverage retainers. 8, 37 A trend of higher success rate was observed when the design of In many studies included in this review, RBFPDs were used to replace missing teeth along with splinting of the remaining teeth.
RBFPDs with multiple retainers had a variable debonding rate. The variation of the debonding rate can be attributed to the design of the retainer crown, inlay or wing. Despite the numerous cofactors involved, the comparison among studies utilizing different numbers of retainers was conducted and showed that the failure rate between the groups was not statistically significant (P > .05). This finding counteracts that what Wei et al. found in their review. 16 The heterogeneity of the included studies in term of the position of the RBFPDs-anterior, posterior, maxillary, and mandibular-makes comparison challenging. The effect of prosthesis location was significant in the study by Botelho et al., with the retention rate of RBFPDs being worse for RBFPDs replacing molar teeth, in particular mandibular molars. 39 In the study by Najafi et al., maxillary prostheses demonstrated higher success rates than mandibular prostheses. 40 Anecdotally, clinicians tend to favor 2-unit or 3-unit RBFPDs to replace missing maxillary and mandibular incisors more so than to replace posterior teeth.
Dual and chemical cure resin cements were used in the majority of the studies. Following the manufacturer instruction and choosing the compatible materials are the most important factors in successful bonding. Zirconia doesn't have a glassy phase which makes it a nonetchable material unlike metal and ceramics. 41, 42 As mentioned previously, only 2 included studies used zirconia frameworks. The RBFPDs were cemented using 2 different cements and showed a success rate of 90%, with the 2 failures reported because of debonding, one of them after trauma. The high strength of zirconia makes it more resistant to fracture than In-Ceram alumina ceramic. However, the difficulty in bonding it to tooth structure requires extra caution in using it to fabricate RBFPDs, where the retention of the prostheses is mainly dependent on enamel bonding. Recent reviews suggested that the combination of air abrasion at a moderate pressure and using an adhesive resin containing 10-methacryloyloxy-decyl dihydrogen phosphate can lead to long-term durable bonding to zirconia ceramic under humid and stressful oral conditions. 19, [43] [44] [45] The setting in which the studies were conducted had no statistically significant effect on the success of RBFPDs (P > .05). It is worthmentioning that RBFPDs were placed by faculty in some of the studies done in universities, whereas the others were performed by students under the supervision of faculty. In private practice, practitioners were either prosthodontists or general dentists.
The results of this review were comparable to a recent review published in 2017 by Thoma et al. 18 Their meta-analysis found that the estimated 5-years survival of RBFPDs is 91.4%. The survival rate was defined as the RBFPD remaining in situ with or without modification for the entire observation period. RBFPDs which debonded and were recemented once were not counted as failures unlike this review, where any debonding was considered as failure. Another meta-analysis done by Miettinen et al. found that the estimated success after 3 years was 82.8%, 88.5%, and 72.5% for metal, FRC, and all ceramic framework RBFPDs, respectively. 9 According to the result of this review, the clinical performance of RBFPDs is comparable to the performance of conventional PFM FPDs and implant-supported crowns, which have an estimated 5-year survival rate of 94.4% and 93.8%, respectively. 46 
| CONCLUSION
The 5-year clinical performance of RBFPDs is similar to the performance of conventional PFM FPDs and implant-supported crowns.
